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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent element that has a high luminous efficiency and 
high heat resistance. 

SOLUTION: A hole transport layer is formed on a positive 
electrode and phosphorescence emission molecules such as Ir(ppy) 
3 are doped on this hole transport layer and a luminous layer is 
made. An electron transport layer is formed on this luminous layer 
and a negative electrode is formed on top of it. The host material 
that constitutes the hole transport layer is a compound having a 
basic structure as expressed in the formula. Under this structure, 
the movement of energy to the phosphorescence emission 
molecules are easy, and as the glass transition temperature is 
100° C or more, and organic electroluminescent element having a 
high luminous efficiency and high heat resistance can be obtained. 
Further, if a material having the following structure that has an 
ionization potential of 0.1 eV or more than the hole transport layer 
is used for the electron transport layer, the luminous efficiency can 
be further improved. In the formula, R1 and R2 and R3 and R4 and 
R2 and R3 can wind a ring. Or at least one of R1, R4 and R5 is 

nitrogen or an aromatic ring, and it is a compound linked with at least another structure through at least 
the one of the nitrogen or aromatic ring. Or at least one of R1, R4 and R5 is nitorogen or an aromatic ring 
and it is a compound linked with at least another structure through the one of nitrogen or aromatic ring 
and through an alicyclic compound. 
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[0 0 7 2] tt*. «±CC^/dfc^BSMt^5C 
te> Y. Sakamoto. T. Suzuki. A. M 
iura. H. Fujikawa. S. Tokito, 
and Y. Taga, J. Am. Chem. Soc. 
1 2 2. (2000) 1 8 32 CC^JSS^ttrtWRSftr 

#181 OtciRSft*. B 1 Otcfc^rtt* S«<b 

or#^x2ffi#{£/83nri>&#, cnccRg^n^fc 
[0 07 4] mmm2. */5x««±«ci to©«b« 

ffifcl 5 0 n-mJBfiRU 3 x l 0" 7 h-;KDX5gra 
-NPDJl*4 0nmK£&»K:J:0*8»Ofc. CCD_b 
CC, iail«14IB«K:*^h*f»t0r©TCtA«CK 
wOhiUt I r (ppy) 3 £5. SwtKF-? 
Ucl^@tb0t2 0nmIfl/c o 3 6K, CCD 

»©*-JU:/a**JB£Or. «T©«»**tr*2. 
2' . 2" - ( 1 . 3. 5 -7 x~U» bVX [ 1 - 
7*-Jlr- lH-'OX-f S^-Jl] . TPB I) I 
*5 0nm»»0fc. fcfc. COTPBItt, »H?1 
0- 1 06 74 9^«*C-&«E^rffi*«PBm3tirc»S. 

[007 5] 

[<t2 4] 




10 36&C, £CD±K:LiF£0. 5nm, A 1 4 1 5 0 n 
ra3WO&««tt*J&J5RO;fc. «±te*3nto*3S*W 

tc&zm+cDmwm&m 1 iK:^3ft£ e 01 1 

[ 0 0 7 6 ] m 1 1 «c*s tifc*iess«tt:«i*T« % • 
mmm 1 tB»«:ia4 ccs%stite**WBJB 1 

[0077] tt±cDcfc^ccLrff^^n/c^*]iiX^ 

20 gMn0/c^*>^-K:JBi£0> ^*>'<~rt£^lg& 
m@CDaMCcSSL/®SL/c 0 C(D<fc5CC^/£0/cWtS 

«»«**wa:»«E*Erttipu, a*WM»3tfr*fc}6 

»3L *M(****Weofc. SX6 
1 c d/A<0*3*B»**»fc. SteWtA* 1 3 5 0 c d 
/m\ ig8&mEE4. 7V®&«OAflHMttliEa4>ft 
««^*#**rC 16.0 %tcS iJtt 0/c e 
[007 8 ]Jt«Wl. ^X»«±CCI Tooaw* 
S^15 0nmMl, ^CE>±tc a - N P DH£, 
30 S3x 1 o- 7 h-nrcj(£JK*tc«J:9 4 0 nmitSor 

SrffiffiO, FwOFtltl r (ppy),*F-^ 
lfc«*1420nmj»lte. COB8(D F-^> h« 
fttt7 . 5wt 0 /ot*A 3 6CCR#»©±BWC. « 
ft® te£ A 3 *i te* - Jl/tf Mffi€c9tt 0 & I > J: 5 (c* - 

(bathocuproine, BCP. rfHRi&r* 
-5) £1 0 nmJBJiSOfc. 
[007 9] 
40 Hfc2 5] 




coBcpmcDttcm+mmmtLXA 1 q^4 on 

mlfl/c. 3 6*C-t(D±«t, LiF£0. 5 n ok A 
1*15 0nmitir^IM^l/c o «±<7><t 
50 «c or JB)S80/c*Jt^©W«W^*-T«»rffiia 
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&m i 2tc^sn5. 

[0080] ±.&<DJ:'>< l ci,XBi&l,tc*tt%fflo> : S1& 

ts.mimmm^icis^xM^so. i 

[008 1 ] fcl±tCj$'Hfc!USt«J 1 Rtftb^ 1 K&S 

g^tctb^r*i!i(c^fiT3Sm*<ft ± r i » * c t ft 

too82] . ±.&i>tc$mm t-^ucw 

»$?:ISlfc. -e©^. 1 0 O'CCCte^-Ct, a 

[0083] tt^2 . tmm i (CTF^n/cW^m^ 
^^•?rtijaffl ( * - ^> )«: An±f zmmw 3tm& 21 

[0084] ^±i,c7jk^titcmmm3R^imm2(Dm 

[0085] SlSSPH . &L±K.m'<tc3&fcm2 iCid^X 

at. *-ju^a ? i>m?u*>*>'m : mvm<Dttwt or 

HOMOU^-O^SK . LUMOKW^XDT, 8 3 

[0086] nnws . # ^xg^jbcc i To<omm^ 

S£l 5 0nmMl, f©±(C*gg3x l 0"' f-- 
;l,Ta-NPD£40 n m M?EM$i U X IE?LfijM® £ 
tSbfc. 3 e-CC-ewiCC. *x Mvf*4<tGT©TPB I 
(C. MOhilTIr (ppy),?:7. 5wt% 
©fgg-CK-^'b/cJIS^ OnraMU ¥Z%mt-fZ 
iifcCC. $e>KTPBII?:5 0nni*iWc. C© 
±CC, LiF£0. 5nm. A 1 1 5 0 n mlSlS < 

fgttL//c„ 01 6(£^$ntc*ni&w<D?}>&m¥!-$&tm 

[0087 ] ±^©J; ^ccurffJfiSb/cWtSmw^t^ 
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X$>*). ±i£t/fcJttROTl tmm<D\s'<)i>X-ib',tci>^ 

[0088] mmmG. *'^^s«±«c. 017 

(a), (b) . (c) K^3tt&jffi^frt*-©fr«S 

(a) <Dffl|g«. ^^ISLttc I TO&KttU 
±(Ca-NPD*4 0nmIfLfcfc©-C*5. 
017 ( b ) (Dmmit. 017 ( a ) &ISWCC. #7 X 
) IfilKIT04I.il. f©±Ka-NPD%40n 
mJSWbfca. 3£K^©±Krf7j&p a a T-<J!>SCBP£2 
0 nmaSi»L/fc4><D-C$>-S. 017 ( c ) ©PlJg 

017 (b)©CBPKRitTCTA5:20nm 
mMLtci>oye$>Z>. 

[0089] «±©«fc ^K^fiSL/fcSWtSWlSOiaS* 
(2 5'C) tdt»l-fctt»-C. JHmHAXiftM (* 

^Lfc„ -e-CDm. SWtS^4^-^>CCAtl. 5 4-C 

[0 09 0] I TO_BCa-NPD©<&=&&SOfc0 1 
7 (a) <Dti^«:«. *r®8?M©Sg©±^Km>. a 
l?^B3^3<«o/c. &/c. o-NPD©l(cC 
BP4IfWcil7 (b) ©!§£«:«:. &$mm<DU 
S4±tf 4 <!: . 6 0 -CtLh^SS-CSS^JL-^ *ay- 

^8tl/c. cn6<D*S^. 0 1 8tCif;$n-5)„ 01 8 
¥te»fIS-C4).S„ */c, H^OEgft-C017 (a) o*s 

^ % iHftri i 7(b) ©MW-etie^snt 

1>S. ^tc, 017 (b)©^(C. ±iEL/cJ:-!>CC6 
[0 0 9 1 ] fct±(C*tL>-C. a - N P D©±tcTCT A 

iMMvtcmi 7(c) ©*&&4c«. mwtmmvug.* 
7 5 -c* -c±tf-c i>m.mw-WB. 3 «^ < ^fbti-r . mm 

10 A50 1 9K;n$n-5„ 

[o o 9 2 ] n«SFi)7. *f^xsfi±«: i To<Dmmm 

S4 150 nm^RSU. ^©±«:K^S5 x l 0" 7 h 
-;U(6. 65xiO"Pa) To-NPD?:40nm 

mitbx. mmotc (a 3) ©^is©^^. 2.2- 

(4- (4- - tr^i-;u) 
7y7>$>(AdBPCz, 7 x^-^SOSld^fl) 

CtlK K-^>hiU I r (p p y ) ,?:7 
w t %©?5gr K-7"Lfc@?r 2 0 n mffJfiXU ^?ic:® 
SO iUfc. 3ff>«:. *-J^Ovi'liiLtTPBlllr 
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2 0nnu m^mmtLXA 1 q^30nmtai 
/c 0 CCDJblC. LiF£0. 5nm, Al£150nm 

[0 09 3] tiU.VX'ylcLX&J&Ztitcmtt. MM 

[0 094]@2 0{C« 4 t^hW^ur, Mlbfc 10 
(a 3) <DWB<D*>%. V^^)Vm<DWfi\m (2. 2 
-tr* (4- (N-^Jl/AV;;!/) :7*.r.jl/) T^> 
Ad PCz) tzm (2, 2-fcf*(4-(4' 

- (N-w^'jii/) f y y-?>£>, a 

d B PC z ) O^W^^ffiU/cii^^ffiSi^asS 
«ft*<b©M«*S7n3ha. 02 0K^3tt£cfc5K:, 
AdBPCz*flOTurs»r«iffiLfc*B^ a-spst- 

ss u /cw«s^^^T(D^ses^^«#^ 6 % cc 20 

[0 09 5 ] 02 ±ISAdBPCz4«fflUc 

j!»©**)5:fiT*«*5Ci4««cAti4i, 2. 2 
-tr* (4- (4' - (N-*^v;;i/) tr?* — 30 

[0096] ±E2. 2- trx (4- (N-*;u^y; 

7^7>^> (AdPCz) tt/ttT© 

[0 09 7 ] 2, 2- (4 -3- T^v> 
*>*1. 0g (1. 85 5V*W , *7;W^/-;l/£ 
3. 1 0 er ( 1 8. 5 5 »J*;U) % K l CO,^:2. 6g 

(18. 8S'J*A), £E*&£ 2. 3g (36. 25V 
•=&;!/) . CuBr*0. 8g (5. bBlV *MU) , ^ 40 
*'J>*15gg^U ( g^fiaT, 17 0-180 

•cr2 0B#r^m« i L/c o raemR^jmi. chci 3 

ti/'J^yw^A (CHC 1 3 : ^*U*> = 1:2) 
•CfSSJU/Co » WciMCHC 1 s *6Wttfll/. 
2, 2-fcf* (4- (N-*7-U"^/'JJlO 7 
y7>jr>4S«fi»*4btl76. 5mgf#/c. 
[0 0 9 8 ] G©*t»(D«JS*. Sfc#*Wfc)ft!ttt ( I 
R) S^SlS^ttRS (NMR) K<J:9filI2U/c 0 I RS 
O'NMR^f- £ *«T(CSkT . 50 
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[0 099 ] IR(KBr): 3040, 2900, 2850, 1620, 1600, 
1510, 1450, 1330, 1310, 1225, 745, 720cnr a 

MARCCST!,): 8.13(d,4H), 7.71(d,4H), 7.51(d,4H), 7. 

46(d,4H), 7.40(t,4H), 7.27(t,4H), 3.42(s,2H), 2.20 

(d,4H), 1.88(dd, 8H) 

C<D2 . 2-fcT* (4- (N-#JW^/«;;i/) 

[0100] 
Ht2B] 




g/c v ±iE2, 2-tTX (4- (4' - (N-^l^V 

t7x^) 7#v>*> (AdBPCz ) «\ 
WT©#J0(1). (2) eCcfcO^fiRT**. 
[0 10 1] (1)4-(N-Wyj;l')7i^ 

N- (4 -3- ^;l/^*v r -JU2. Og 
(5. 42^H« *THF15ml4^x^x- 
^5ml <Dfi£«««eci»flnU S^#ffl^T. - 9 0 
•CfiTHCteSlOfc. CflMSSWC 1 . 5 M n - B u L i 
^ (n -^*if>) 3. 8ml (5. 75 U^rJU) £ 
TgTO/Co 3«c fc -9 0'CtiTr2 0^Jg}$U, h'J 
^h^7>0. 61ml (5. 4 4^;^) 
o<DSTUc 0 -9 0-C«T"C2 0»ra«fl^. MS 

riwmattfiyfc. *3mi*»ftiu 2n 

NaOH7K^2 0ml^Jjnxr7k@^glO/c e 3 6 
tC, WtSJI£2N NaOH*|gl2 0m 1 V2®m& 
L/, *»4**>-ttfc. IN H,SO,*j««t*tt«: 

u «mo*titJ8*aasu *istb/c P ccDctis^cH 

Cl,7 5mI«:*»U Na 2 SO,rfa»^ 
iffiffiLfc. i«B*h;Ux> 5 0m \fr *>ff*£li U 4 - 

1. 0 7gf#/c o 

[0102] C6E)t*»©»JB*; «»Mwe*K«- ( I 
R) KCffflBAM* (NMR) KJrOWBbfc. I RR 

[ 0 1 0 3 ] IR (KBr) : 3380, 3280, 3060, 1605, 145 
0, 1410, 1375, 1345, 1330, 1305,1220, 1170, 745, 7 
20 , 690cm- 1 

MrfRCCDCIO: 8.33(S,2H), 8.31(d,2H), 8.15(d,2H), 7. 
66(d,2H), 7.50(t,2H), 7.48(d,2H), 7.36(t,2H) 
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[0 104] 
Ut2 7] 




(2) 2. 2-fcfX (4- (4* - (N-*>)WVV 

4- (N"M^/»JJb) Og 
(3.48 % 2. 2-tTX (4-3-F^^ 

^)7^>^>$62 7mg (1. 

. Pd (OAc ) ,£26mg(0. 1 1 6 $ 
% h 'J (o - h JMJU) t>X7 ^ >£ 1 0 6mg 
(0. 3 Na 2 C0^5 5 8mg 

(5. 26$ , 1 . 2 h*^>X^>* 1 

lml, **2mlB6U «S1«T, lOOW 
1 5B$ra8#U/c. St£3S«*»*Pa, * 1 5 m 1 £»0 
A, CHC 1 3 rffltHL//c 0 CHC 1 3 Ji£f§fO:6J&7fc-C*20 
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Na,so ( t?iaiu mmzismutc. nz* 

i"J*yW7A (CHC 1 , : ^*U-> = 1:4- 
1:3) TtBRU 2. 2 -fcf* (4- (4* - (N- 
*MW<*/yjio tr^^^.;i/) 7^v>^>^f6^ 
ilt234. 4mgS/c. 

[0105] C<D*m<D«f3§£, /7S^7fe^:Sit ( I 

r> Rvmm^&m (nmr> Kufgwisofc.- irs 

[0106] IR(KBr): 3050, 2905, 2860, 1620, 1600, 
1520, 1500, 1480, 1455, 1370, 1335, 1315, 1230, 8 
10, 750, 720cm' 1 

IWR(CDClj): 8.15(d,4H), 7.77(d,4H), 7.61(s,8H), 7. 
59(d,4H), 7.47-7.40(m,8H), 7.29(t,4H), 3.39(s,2H), 
2.16(d,4H), 1.91-1. 79(m,8H) 

C<02 t 2-t'X (4- (4' - (N -^;M7>J;I/) 

[0107] 
Hfc2 8] 




. jtf^*»«±K: I TOOMMHSffi* 1 5 0 n 

PD*4 0nmJffi51R#OrjE?LI8aSJB«:*ffiOfc. * 
<D±ec#* h«f4<hUT^5xiS^S (T *) #1 7 
2-CCDl, 3, 5- h [4- (N-*il/^!/yjU) 
7^;H^> (TCPB, MUc(a4)© 
««> fcttfflU Ctl(CK^>hiUtl r (pp 
y) ,£7w t%<Ot8S"CK-7"U/cJl*2 OnmW 

PBlM20nm, l^iiltA lq,^:30 
nrntlt/c, CCD±CC, LiF^O. 5nm v A 1 * 

i 5 o n mmmis&mnm&Bf&istc 

[0108] U±(DJ:'>< t CLXBf8 t 2titcm i FZ 1 x l 
0-' h-;Utgf^L/cK£^i>>^-^Aft* ? + > 

[ 0 1 0 9 ] CCDcfc 5 ^C^fiS^n/cW^^Tfe^CC 



/c 0 jWi«ll*tti*'C12%t*ofc < 

ggl 5 0 0 c d/m 1 ©*^ C(D3R^O«ff¥«» 

^3 0 0BSH-C*^/Co C©tt*«CBP**XHst 

0 0 c d /m 2 , 8 5 TJ©*B»r»ft*«fWM* 2 5 
OBWBTCfcofc. CBP*«fflOfc*B^8 5X*H» 

¥*H5lTfc: tt * *> © 4 JtJR -T & 4 XirOH^ttMIt > 

[0 110] 

i] 
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[01] A ') V>*) J*m&<DMX§&tfr?-i F-><> h 

[02] **WCC^4*«Slf ©fSJSJ&SS 1 

[03] 02tc^£ft/c*®mW#&3t3g^£>x*;l,*- 
-t£{a0r*-5>. 

[04] *^w«:^sw^mw^tss^©iiss^si i 

©^^WI©6BrS0-C*>-S. 

[05] 04(t^3ft/cW&lIWfS:^^©x**'* 
-i$Ma0-C*£. 

[06 ] 2tne^«:^sw^mi?^^©^is^sg2 

O»«;©»rM0-C*S. 

[0 7 ] 06 (CtSS nfcWtamW^3fe^T©x^jU4 r 
-*g(40 

[08] #^&C^*W«mW^^©SI*fe»2t& 2 

[09] as^snfcWisssM?©!*'^ 

-?H{i0 

[010] 04 K*tic.-r £ ««§l?l«f? ©*<*w 
&H*8ffl<D#iBn0-C£>S. 

[0in 04 Kttfc-r z>mi&m¥f-m:&*<Dm#tto 

[012] 010 RUm 1 1 ICZi-? Ztt&ffl<Dmf&<D 
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*[013] 0 1 O&Vm 1 2KmSft/cW®mWf£:fc 

[014] 011 &v® i 2 tc^s titcmm&nftft 

[015] 011 RUm tifcm^mW^ift 

[016] mGtzmzritcnmjF^ictiforzgkW 
mKzmmztfrr m r * -s . 

[017] Wt^^©SH^14*J:b®-rS/£*©SK« 
10 M*t@t*5. 

[018] 017(a). ( b ) ©SB<Dfflf&«8l© 
^^■T0-C*S o 
[019] 017(c) <Dmm<Dffimm<Dl&m$:7Ti 

-r0r*-2>. 

[020] HSfiFd 7 KA>fr-&W«^!?2S:ft5B^<E>®J£ 

[021] mmm i tcfripz&mmft&jtm+vwm. 
20 iwM>utm 

1 0 1 2 *-JHftjj|Ji'. 1 4 Sg^-JftiMJB. 

16 MtS. 18 S&2©*-.Ma3&JH. 2 0 m2<D 



i ] 



[02] 



1 m 259* 


i*s 


3 Wl 7596 






10094 










sera 


t 




Kppv) 3 



12- 



RBtB 



-16 
^14 



1 




14] 



12- 



®2*-;na&J§ 



-16 
-14 



>~18 



3^ 



10 



(28) 



#812 002-203683 



[05] 



[06] 



14- 



rr o 

S.0eV 



a-NPD 

3 













4.3eV 



[07] 
fr-zmaua 12 



*9^nat« 14 



rro 

5J5eV 



14- 



43eV 



im9) 



*-n>m*m 12 



rr o 

5.0eV 



mmtfmsm 14 
( % 



20 



4^oV 



-16 



-12 



ESS 



-10 



[08] 



SB 2 



-16 
-20 



[010] 





Al(150nm) 






LIW.5nmi 






Alq^aOnm) 












TCTA+lr<ppy) 3 (20nin) 






a-NPD(40nm) 




1 FTO<150nni) [ 





[011] 





Al(150nm) 






LIF(O^nm) 






TPBKSOnm) 






TCT A+lr(ppy)s{20nm) 






a-NPD(40nm) 




| ITO(150nm) | 





1 2 ] 





Al(150nm) 






LIF(0.5nm) 






Alq 3 (40nm) 






BCPOOnm) 






CB P*lf(ppy)3(20nm) 






a-NPD(40nm) 




rrO(150nm) j 





20 

g 

a 15 

g 

* 10 



[013] 



A A *A A 



0.1 



1 10 100 

IB* Sflt (mA/cm*) 



(29) 



ftffl 2002-203683 



14] 



15] 



a? 

a 

3 
* 

« 





i * * * * * . 

* 

* 

* 

* 








*SM£(mA/cm2) 



20 30 40 50 60 70 80 90 100 110 
t(°C) 



[016] 




AJ(150nm) 












TPBI(SOnm) 






TPBI+lrUw^Mnm) 






a-NPD<40nm) 





ITO(l50nm) 



1 8] 



100 



S ™ 
& 

:K 1 



0,1 



20 



40 



60 

(°C) 



(a) 




80 



[017] 





CBP(20nm) 




TCTA(20nm) 






*NPD(40iun) 




a-NPD(40nm) 




a-NPO(40ran) 






rro 




ITO 




rro 








^7^M 





(b) 



(c) 



1 9] 



100 




40 60 

as ( e c) 



[1220] 



12 1 ] 



10 
0 
8 

!* 

2 
1 



o AdBPCz 



8.oi 



0.1 



1 10 



100 1000 




^2 00 2-203683 



F A(#3f) 3K007 AB02 AB03 ABU CA01 CB01 
DA01 DB03 EBOO 



